However, in spite of the obvious advantages of modifying polymers with binary mixtures, in the practical regard it has not been widely used, and furthermore it has no adequate and consistent theoretical substantiation. In particular, there has been no in-depth study of the nature of interaction of the components of the mixture with each other and with the polymer, an important factor of modification.
In the present work a study was made of the influence of the composition of mixtures based on isocyanates (IS), indoles (I), including phosphorus-containing indole (I(P)), epoxides (EP), and lactams (LC) and of different factors on the effectiveness of the modification of polypropylene (PP).
The components of the binary mixtures were chosen in such a way that one of them at least (for example, IS or EP) was able to enter into chemical interaction with residual unsaturated end bonds in PP, which, being "weak" points of macromolecules, have a negative effect on the combination of properties of the polymer, in spite of their low content. The deactivation of similar bonds in polymers leads, as has been shown in previous investigations, to appreciable modifying effects (their heat stability, strength, and rheological characteristics are improved), which may be connected both with a reduction in the defectiveness of the supermolecular crystal structure and with the formation of fragments of a urethane or ester nature grafted to the PP macromolecules. These fragments, by virtue of their polarity, are forced out during crystallisation into the amorphous phase, thereby limiting the incorporation of structural irregularities in the crystal lattice. The effectiveness of modification in these cases is determined by the compatibility of the polymer and modifying agents and appears in the region of small additions of the latter.
As it turned out, as a result of the modification of crystalline POs, in particular PP, with the selected binary systems, the addition of individual components of the modifying mixture to the polymer occurs in a number of cases via their preliminary copolymerisation.
In most general form, the modification of polymers with binary systems can be classified in terms of their action, which can be additive, synergistic, or superpositional in nature. In the latter case, effects appear that are uncharacteristic of the action of the initial components [1] .
In a study of the main service and processing properties of PP modified with the above binary mixtures, effects characterising the different effect of additives were revealed.
The lowest effectiveness was shown by mixtures based on I. Their introduction into PP leads either to additive or to antagonistic effects in terms of the change in properties. In particular, in PP + IS + I systems, a determining role in the change in properties is played by the isocyanate component, the presence of which almost always leads to an increase in strength characteristics (Figure 1a) . The introduction of I has either an insignificant or a negative effect on the strength of PP. When mixtures are used, there is a certain rise in the stress causing failure σ f , but not exceeding the level achieved when only IS is used. In this case, in the given systems there is an appreciable deterioration in the elastic properties. Thus, the breaking elongation ε is almost always characterised by minima in the region of mixtures (Figure 1b) .
Synergism with respect to some characteristics is exhibited by mixtures containing EP. In particular, synergistic effects in PP + EP + IS, PP + EP + LC, and PP + EP + I systems are observed with respect to σ f , ε (Figure 2a) , the induction period of autooxidation τ ind (Figure 2b) , the melt flow index (MFI) (Figure 2c) , and the oxidation rate [2] .
In a number of systems studied, an effect opposite to synergism -antagonism -appears. The use, for example, of systems based on 1,6-hexamethylene diisocyanate (HMDI) in mixtures with LC and I leads to a deterioration in a number of properties of POs, while individual additions of them either improve or have no effect at all on the properties of PP (Figure 3) . The superpositional nature of the action of mixtures of modifiers on the properties of PP has been studied inadequately, although it also appears for certain composites containing ED-20 and SKU polyurethane rubber. The mechanism of superposition was studied in detail in the course of the modification of synthetic butadiene-methylstyrene (SKMS) rubber containing 1,2-double side bonds with mixtures of LC and EP. Such changes as increase in the hardness and strength of vulcanisates and reduction in the vulcanisation time of untreated rubber mixes occur under the action of ε-caprolactam (ε-CL), high-elastic characteristics vary on account of the introduction of ED-20, and the combined introduction of additives improves the entire combination of properties [3] ( Table 1) . The pre-prepared mixture (3) is more effective than with successive introduction (1) or simultaneous introduction (2) of its components. It can be assumed that the mechanism of interaction, with a sufficient degree of confidence, can be extrapolated to systems based on PP.
On the basis of the investigations carried out, it can be assumed that the nature of the achieved effect during the modification of POs with binary systems based on the studied compounds is influenced mainly by the chemical transformations occurring between components of the mixture.
In the process of interaction of the components of the modifying systems studied by us, compounds are formed that differ in structure.
As a result of the reaction of I and IS, adducts are formed that contain blocked -N=C=O groups and possess a fairly good stabilising action, which can be seen from the significant increase, up to the achievement of nonadditive effects, in the heat stability characteristics of PP modified with mixtures of IS and I ( Table 2) . However, in this case there is no significant change in its physicomechanical and rheological properties. It is obvious that the adducts obtained, grafted to PP macromolecules by the unsaturated end bonds through the interaction of free isocyanate groups, nonetheless are too small effectively to act on the amorphous phase of the polymer.
With increase in the molecular weight of the products formed during copolymerisation of the components of binary systems, the effectiveness of their action also increases. This conclusion is also borne out by a study of modification with other mixtures.
As a result of the interaction of epichlorohydrin (ECH) with ε-CL, products with a low molecular weight (M n no higher than 600-700) are formed [3] in which there is one open lactam ring for every three epoxy units. The modifying effect with respect to the combination of properties is insignificant. Accordingly, when PP is modified with binary systems based on EP and LC, the amount of functional groups capable of interacting with the unsaturated bonds of the polymer is fairly high, while the fragments grafted as a result of the given interaction to PO macromolecules are larger than in the case of the use of an IS + I mixture. Accordingly, a greater modifying effect is achieved, manifested not only in change in the heat stability properties but also in the elastic and rheological properties ( Table 2 ).
In IS + EP and IS + LC systems, high molecular weight (M n no higher than 15 000) compounds are formed of polyamide ester and polyamide nature respectively [4, 5] , which, as shown by IR spectroscopic investigations, are grafted to unsaturated bonds of the polymer. The presence of a fragment of this kind, commensurate in size with a PP macromolecule, in the amorphous region leads to an increase in intermolecular interaction, which is governed by the components of the binary mixtures, on the basis of their polar nature, and consequently to the achievement of non-additive effects with respect to the set of properties ( Table 2) Thus, the effectiveness of action of binary systems based on chemically active compounds is determined by the structure and properties of the products formed during their interaction with each other and with the polymer.
